Screening of plant extracts from wild species of plants for insecticidal properties could lead to the discovery of new agents for pest control. Keeping this in view, the insecticidal activity of three plant extracts Helencha (Enhydra fluctuans Lour), Ghetu (Clero dendrum viscosum Vent) and Kalomegh (Andrographis peniculata Wall) were tested against stored grain pest Tribolium castaneum (Herbst). In residual film bioassay, five doses, i. e. 0.629, 0.472, 0.315, 0.157 and 0.078 mg/cm 2 of methanol extract of leaves of each plant species were applied on adult Tribolium castaneum. After 36 hours, the lowest LD 50 for the methanol extract of leaves of Enhydra fluctuans, Clerodendrum viscosum and Andrographis peniculata were found to be 0.351, 0.622 and 0.977 mg/cm 2 , respectively. According to the intensity of activity, the toxicity was found in the order of Enhydra fluctuans > Clerodendrum visco sum > Andrographis peniculata. The overall results suggest that these three plants have potential insecticidal effect which might be used in pest control.
INTRODUCTION
Pest control is a major concern in agriculture and horticulture growers for underdeveloped agro-based countries (Ahmed et al., 2009 ). The red flour beetle, Tribolium castaneum (Herbst), is a common and the most vicious pest among important stored-product insects and pests all over the world (Pranoto et al., 1991) . Scientifically it has been reported that the germ part (embryo portion) of the grain is destroyed by red flour beetle Tribolium castaneum. Their presence in grain type stored foods directly affects both the quantity and quality of the commo dity (Sagheer et al., 2011; Okonkwo, Okoye, 1996 ; (Rahman et al., 2011) . In Bangladesh, it is generally found coupled with stored grain of different cereals. In essence, the cracked grain or breakfast food or meal, rice, dried fruit, bleached and unbleached white flour, cornmeal, barley, flour, oatmeal, etc. are the main targets of them (Via, 1999; Alam et al., 2009 ). However, an individual uses various synthetic insecticides and fumigants to control this pest, which have serious effects on environment, increasing pest resistance to pesticides, pest revival, and lethal effects on non-target organisms as well as direct toxicity to users (Robinson, 2005; Islam et al., 2011; Jembere et al., 1995) . Due to the problems associated with the indiscriminate use of synthetic insecticides, like insect resistance and impact on nontarget organisms, many scientists have given an extra impulse to search alternative ways to control this pest (Dyte, Blackman, 1972) . Botanical insecticides are considered as an alternative to the synthetic chemicals for being biodegradable, pest specific, non-hazardous to human health and environment and leaving no toxic residue in nature (Farhana et 
MATERIALS AND METHODS

Plant materials
Leaves of Enhydra fluctuans, Clerodendrum vis cosum and Andrographis peniculata were collected in October, 2011 from Rajshahi district of Bangladesh and the plant material was taxonomically identified by Prof. A. T. M. Naderuzzaman, Department of Botany, University of Rajshahi. Voucher specimens were deposited under the accession numbers DACB-21401 for Enhydra fluctuans, DACB-20710 for Cleroden drum viscosum and DACB-18612 for Androg raphis peniculata at the Bangladesh National Herbarium.
Extraction
The collected leaves of each plant were cleaned and shade-dried. The dried leaves were pulverized into a coarse powder by a grinding machine (FFC-15, China) and then extracted with methanol at room temperature. Each extract was filtered through filter papers and the filtrate was evaporated under reduced pressure at 40 °C using a rotary evaporator to have 0.87, 2.2 and 2.4 g methanol extract of leaves of Enhydra fluc tuans, Clerodendrum viscosum and Andrographis peniculata, respectively.
Insects
Red flour beetles Tribolium castaneum were used to examine the pesticidal activity of leaves of Enhydra fluctuans, Clerodendrum viscosum and Andrographis peniculata. Adult and larval stages of insect were taken from the Department of Zoology, University of Rajshahi, where pest culture was maintained for last 10 years in an incubator at 30 ± 1 °C, 65% relative humidity and 12:12 h dark / light photoperiod which had been reported an optimum for rapid growth (Saleem, Shakoori, 1986 ). Insects were reared on a diet mixture of whole meal flour with Bakers yeast (19:1) (Mondal, Akhtar, 1994). After every three days the medium was replaced by a fresh one to avoid conditioning by the larvae (Mondal, 1983) .
Residual film method of toxicity
Residual film method as described by Busvine (Busvine, 1971 ) was used. A preliminary screening of different doses was performed on several instars of larvae and adults to obtain 0% to 100% mortalities. Then 200, 150, 100, 50 and 25 mg of methanol extract of each plant were dissolved separately in 5 ml of corresponding solvent to get concentrations of 40, 30, 20, 10 and 5 mg/ml, respectively, which were used as stock solutions. 1 ml of various concentrations for each sample was applied on petri dishes (9 cm diameter) in such a way that it made a uniform film over the petri dishes. For solvent evaporation, the petri dishes were air dried leaving the extract on it. The actual extract present in 1 ml mixture was calculated and the dose per square centimeter was determined by dividing the value present in one ml with the area of the petri dish. Doses thus calculated were 0.629, 0.472, 0.315, 0.157 and 0.078 mg/cm 2 . After drying, 10 beetles were released in each petri dish with three replications. A control batch was also maintained with the same number of insects after preparing the petri dish by applying and evaporating the solvent only. The treated beetles were placed in an incubator at the same temperature as reared in stock cultures and the mortality of the beetles was counted after 24-hour post-exposure (Islam et al., 2004).
Statistical analysis
The mortality data were subjected to Probit analysis for the determination of LD 50 values using the computer software SPSS of 14 version. Results with P < 0.05 were considered to be statistically significant.
RESULTS AND DISCUSSION
In the present investigation the toxicity of leaves of Andrographis peniculata, Clerodendrum visco sum, Enhydra fluctuans was tested against adults of Tribolium castaneum. The mortality (%) was recorded and statistical data regarding LD 50 , 95% confidence limit and chi-square values were calculated and presented in the Table. After 36-hour exposure, the lowest LD 50 values of methanol extract of leaves of Enhydra fluctuans, Andrographis peniculata and Clerodendrum viscosum against adult Tribolium castaneum were found to be 0.351, 0.622 and 0.977 mg/cm 2 , respectively. No mortality was observed in control. The overall results of this study indicated that the mortality caused by each sample was increased with the increasing of exposure time. This finding is quite similar to the previous research (Osman et al., 2011) in which the exposure time played an important role in influencing susceptibility.
Developing countries in Asia and Africa, including Bangladesh, have a long history to protect stored grains with locally available herbal substances, where the application of plant materials is simple and aqueous extracts in several # Control groups showed no mortality. * Significant at P < 0.05 level cases proved to be highly effective against stored product insects (Mondal, 1994) . Therefore, the use of plant products (crude extracts, oil, powders, etc.) as insecticides in stored product protection might benefit the farmers by a reduction of protection costs, insecticide resistance development and environmental impact in terms of insecticidal hazard. Our results have shown that Enhydra fluctuans possesses high insecticidal activity against adult Tribolium castaneum as compared with other two plants. Results of this study point out that the three plants of this study might be useful as potent insect control agents.
Our next approach will be targeted to concentrate efforts in a few more promising extracts to fractionate them and isolate possible active compounds.
